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ABSTRACT
The temperature response of the AlInAs/GaInAs Heterojunction Bipolar Transistor
(HBT) differs from that of the more common GaAIAs/GaAs HBT. This thesis
describes the extraction of an overall temperature-dependent large-signal model to
predict Jboth DC and RF characteristics of an AlInAs/GalnAs HBT over the
temperature range 25 0 to 1800 C.
!1. INTRODUCTION
The properties of the AlInAs/GaInAs system lattice-matched to an InP substrate are
attractive for Heterojunction Bipolar Transistor (HBT) construction. Excellent
electron mobility, particularly in the GaInAs base-collector material (in which it is
most important) contributes to high f, and !max. The low bandgaps and band
discontinuities produce a low-voltage transistor that operates well in the single-cell
voltage range below 2 V. However, transistors built of low bandgap semiconductors
often show increased temperature sensitivity. In recognition of that concern, this
model was developed to predict dc and RF behavior over the temperature range from
25 0 to 1800 C.
This model was developed to predict dc behavior over the safe bias range 0 ~ VeE ~
2 V and 0 ~ IB ~ 0.18 rnA, and RF behavior in the forward-active portion of this
region. For simplicity, it ignores the effect of collector impact ionization at the upper
comer of this region, which lies away from the typical load-line. Similarly, because
good circuit design will need to avoid saturation to realize the high-speed potential of
the transistor, the model shows limited RF accuracy in the saturated region below the
.knee of the Ie curves in view of the complication of the diffusion capacitance formula
that improved saturated-current modeling would require.
Section 2 will describe laboratory procedure. Section 3 will describe the extraction
of the model and the verification of its SPICE implementation.
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2. LABORATORY MEASUREMENTS
This section will describe the measurement of the data from which the model was
extracted.
A. DEVICE DESCRIPTION
The AlInAsfGaInAs HBT used in this study consists of a 2 ~m x 5 ~m emitter of
AlInAs over a base and collector of GaInAs, all lattice-matched to InP. The emitter is
120 run thick and is doped at 8x1017/cm3• The bottom 30 run of the emitter are
compositionally graded into the base. The base is 60 run thick and is doped at
19 3· 15 32.5x10 fcm. The collector IS 700 run of GaInAs N-doped at 5x10 fcm.
The devices were fabricated by Hughes Research Laboratories on single dice with
contacts for ground-signal-ground surface probing in the common-emitter
configuration. They were eutectic-bonded to small copper squares for heat dissipation.
B. EXPERIMENTAL PROCEDURES
All the measurements used in this effort were carried out by surface probing of a
single common-emitter device. The base and collector ports were contacted with GGB
40A-100-P-HT high-temperature ground-signal-ground coaxial probes for both dc and
RF measurements. Bias was applied by a Hewlett-Packard 4142 Modular dc Source
through two Hewlett-Packard 11612A 0.05-40 GHz bias T's. DC current and voltage
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measurements were made by the 4142. RF data were taken with the HP 8510B Vector
Network Analyzer, which was calibrated to refer all data to the tips of the coaxial
probes. Programs running under the ANACAT data-acquisition program controlled the
measurement sequence. Figure 1 shows the equipment configuration used for all
measurements.
The crossover frequency of the bias T's is approximately 50 MHz. Above that
frequency, the 8510B Vector Network Analyzer presents approximately son
impedance to the probes. The 8510B is held quiescent when dc measurements are
made with the 4142. For RF measurements, the 4142 holds the specified bias while
the 851 OB inserts trace RF signals alternately on the base and collector ports. Because
of the high transconductance of the HBT, it was necessary to reduce the power to a
nominal-30 dBm on the base and a nominal-26 dBm on the collector. (Actual power
varied from this by several dB because the signal injected by the 8510B is not
leveled.) This is near the highest power that can be tolerated because -30 dBm in a
son system represents a peak of 10 mV, which is a significant portion of thermal
voltage Va (25 to 38mV). As VBE/Va appears in the exponent of several expressions for
".
current in the model, linearity becomes compromised as the signal approaches Va'
However, keeping input power low enough to preserve linearity also reduces the
reflected power at port 1 to the point that the signal-to-noise ratio in the 8510B
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becomes a problem. At these signal levels, it was necessary to average at least 256
data points in the 8510B ateach frequency to obtain acceptable data accuracy.
Making the dc measurements through coaxial probes, which was done because of
the constraints of the temperature chamber, also has the advantage of avoiding
oscillations. The series resistance of the combination of cables, bias T, and probe on
each side was measured to be approximately 1 n by probing a short circuit. At the
small currents encountered in this 10 ~m2 device, the voltage drop is negligible. In
particular, it has no effect on the extraction of parasitic series resistances on the
substrate because the calibration of the RF data from which they are extracted includes
the probes, cables, and bias T's.
C. TEMPERATURE CONTROL
Measurement and modeling of temperature effects rely on the accuracy and
reliability of experimental temperature control. Temperature variations within the
transistor itself are negligible because of its small size. The temperature may be
expressed as T = Ta + PRe, where P is the power dissipated in the device, Re the
thermal resistance, and Ta, ambient temperature. For a device enclosed in a chamber
at a single temperature, Ta is the wall temperature.
One approach to temperature control in this situation [1] has been to monitor a
calibrated device on the same substrate to infer an effective ambient temperature Ta.
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While this allows the measurements to be made with no more elaborate equipment
than a hot chuck, it requires a second device on the substrate, which was not available
in this case. Another approach [2] is to enclose the device and the probes together in a
chamber whose walls are at a single temperature. For this modeling study, a small
enclosure (Figure 2) was constructed to surround the device almost completely except
for entry ports. The 12.7 x12.7 x 1.6 mm copper square to which the device itself is
mounted fits in the recess in the top of the lower piece so as to be centered at the
bottom of the 7.9 mm hole bored in the upper piece. After the device had been
contacted through the small ports in the side, the top was covered with cardboard
insulation to complete the enclosure. The entire structure was mounted on a
thermostatically-controlled hot-chuck. A thermocouple inserted below the device
through a hole in the bottom plate was used to monitor the temperature.
Because all the heat enters through the bottom of the lower plate, the temperature
within the center of that plate is an upper limit on Ta. The lowest measurement of
surface and cavity temperatures within the enclosure above the device constitutes a
lower limit on T. A thermocouple was inserted through the probe ports and through a
small hole in the cardboard cap to measure temperature variation within the cavity.
When the temperature in the monitoring hole was 145°C, all measurements, both in
contact with surfaces and within the cavity, were within 6°C of 145°C. This
6
observation supports using the measured temperature less 3°e as Tm with an error
limit about ±3°e.
Re is a model parameter estimated in Section 3.D.
7
3. DERIVATION OF THE MODEL
This section describes how the model was fit to the data taken in Section 2 above.
A. PHYSICAL BASIS
In addition to having low effective mass in the f electron, GaInAs latticed-matched
to InP also has a relatively large f-L separation (0.54 V versus 0.28 V in GaAs [3].)
Combined with the low operating voltage of the HBT, this larger separation will delay
transfer to the slower L valley, thereby further decreasing transit times. However, the
bandgap, only 0.75 V [4], is associated with a relatively high hole generation in the
collector junction. Holes generated by impact ionization in the collector junction drift
to the base, where they subtract from lB' If the ratio m of holes generated per electron
crossing the collector junction reaches Uhfel IB goes negative, the positive feedback
ratio exceeds one, and the device becomes unstable [3]. This accounts for the upturn
in the dc characteristics in Figure 8 and places a practical limit on VeE in this particular
AlInAs/GaInAs HBT of about 2 V.
Another limitation of this choice of material is that it forms a valence-band
discontinuity of only 0.2 V against the AlInAs emitter (as computed from material
parameters given in [4].) This relative low gap means that hole current carried across
the emitter junction may begin to contribute to IB at higher temperatures in addition to
various recombination phenomena. The fact that IB is the sum of a number of
8
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exponential expressions in VBE having different temperature dependencies will require
an ad-hoc temperature dependence of the ideality factor n in the single exponential
expression for lB'
Some preliminary computations about the collector junction are in order.
Assuming Er = 13.7 and N= 5x1015/cm3 gives 1.6 V as the potential, including the
built-in potential, required to deplete the collector to its full 700 nm depth. In
addition, it is worth noting that at charge neutrality in the collector a carrier velocity of
2x107 cm/s would account for only 1.6 rnA in the 10 ~m2 active region, whereas the
data include Ie as high as 6.5 rnA. Therefore, at most biases carrier injection into the
collector is expected to exceed charge neutrality. Some base widening may be
expected at the higher currents.
Most of the collector junction, however, is not active because the emitter covers
only a small portion of the mesa, and this device contains no implantation to reduce
the inactive area. In that region, at most biases, the collector will be completely
depleted, and the capacitance will be about 0.17 fF/~m2. This will furnish a check on
the reasonableness of the division between the intrinsic and extrinsic collector junction
capacitances in the final model.
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B. MODEL FORMATION
While there has been some success using the SPICE native homojunction transistor
model for a microwave HBT [5], that model cannot represent such features as the
offset voltage and the change of current gain with bias. The topology of the large-
signal model in Figure 3 was chosen to permit all equivalent-circuit parameters to be
determined from the two types of data available: de current-voltage characteristics and
RF S-parameter measurements at bias. The equations and the capacitances are
controlled by the equations:
10
Cdc! =
Coc!
V(Dc! )1-
Tj(Dc! )
C dcr =
COer
V(Dcr )1-
Tj(Dcr )
The equations for Itf and Ilr represent the effects of transit time. They can alternatively
be expressed as variable capacitances in parallel with Cdc/and Cdc/,
While the T and n model forms are equivalent for the bipolar transistor in general,
the n form is more appropriate for the HBT because it accommodates the observed
increase of hje with bias. In homojunction NPN transistors, the base current is mainly
holes moving across the base junction. As the ratio of electron to hole current varies
little with bias, hje remains constant, preserving the algebraic equivalence between the
T and n forms. However, the valence-band barrier in the HBT suppresses the hole
current at the emitter junction so that the recombination rate at the surface, space
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charge region, and bulk base, becomes the primary source of lB' All these mechanisms
can be approximated in the form ~~~) with an ideality n greater than one. The low-
frequency current gain hje =dIe may be estimated as
dIB
dIe q (qv:)
-- -- exp -----.!HL
hfi =dIe = dVBE =C kT kt
e dIB dIB ~exp(qVBE)
dVBE nkT nkt
_C ((1 1)qVBE ) dIe
- nexp -- -- --
n kt dIB
where C is represents a constant. This exponential factor exp ( (1-~):i)accounts for
the rise in hie with increasing base current.
Previous models of this form, [e. g., 6], have approached this hie variation by adding
a second diode Dcil in parallel with Dei in Figure 3. In such a case, the original Dei
(called "Dcj2") would be constrained to carry Ix/hie. The second diode, Dcil> assigned a
larger ideality n, is introduced to provide for the variation in the extrinsic hie' While
this technique preserves the formal equivalence to a T-topology, the diode Dcil must
be left outside the T in this conversion, giving the complete equivalent T circuit the
complexity of both topologies. On the other hand, the only practical effect of leaving
Dcj2 with Dcil is to cause the model to predict an upward convexity in the base current
and a high-current limit to hie in the Gummel plots, features which were not observed.
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Therefore, this model eliminates the diode left over from the original model, Dcfb
leaving the single diode Dcf in a 11 model.
In Figure 3, the variable capacitance drawn beside each diode represents junctions
capacitance. The base currents Itf and Ilr represent carrier transit times, and arise by
differentiation of the equation Qbe = 'tf Isf representing the charge required to neutralize
the carriers in transit. The rest of the elements are standard in the Gummel-Poon
model.
Cbx and Ccx were taken to be constant because they represent metal pad
capacitances. The SPICE formula for the voltage dependence of junction capacitances
was used with m = 0.5 because the emitter junction was constructed to be sharp and for
the collector junction the range of VeB below breakdown is too limited to show any
difference. The unscaled parameters of Dex and Dcr were constrained to be equal
because they represent different portions of the same physical junction.
C. DC MODEL DERIVATION
The first step in deriving the model of a bipolar transistor is to model the dc
characteristics. Gummel data were taken at eight temperatures between 24°C and
180°C for both forward and reverse operation. Figures 6 and 7 are example plots at
two of these temperatures. These are true Gummel plots, semilogarithmic plots of IB
and Ie as functions of VBE = VCE' While each of these lines can be fitted with a straight
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line, a temperature-dependent model will require the data to be fit simultaneously at all
temperatures as a function of two parameters, VEE and temperature, with the formula
.J
( V-B)Pexp q__i • This was done by hand using the following sequence of graphicalnkT
methods:
Straight lines were hand-fitted to these Gummel plots to determine the diode
parameters for the four currents in the model: I(Dcf), I(Dc,), Ix!, and lxr. (The straight
lines in the figures are not those lines as originally drawn, but as finally determined as
will be described.) Some inconsistency among the eight initial straight-line fits at the
eight temperatures is not surprising because the slight upward curve throughout the
length of the Gummel plots leaves the choice of tangent lines somewhat "arbitrary.
Therefore, it remains necessary to perturb these initial fits into a consistent set.
The slopes of the initial fits were converted to idealities and tabulated across
temperature. Of the four idealities so determined, only nc! showed a significant trend
with temperature, and was fit with a linear function of temperature. There were small
variations in the initial estimates of the other three, nx!' nx" and nr!' but no temperature
dependence was observed. nxf and nx, averaged very close to one. This is consistent
with expectations: nx, and nc, represent the action at a homojunction and nx! represents
the action for which the device has been optimized. Each of these is dominated by a
single process. But Dcf represents the sum of several recombination effects and emitter
junction reverse hole current, each having its own exponential coefficients. That is
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why a single ncj independent of temperature will not fit the data. Therefore, nxj, nxn
and nrj were set to their averages, while ncj was fitted with a linear function of
temperature.
After the n's had been determined, a second set of straight lines was drawn on the
Gummel plots at the slopes implied by the n's. Then the parameters P and Bt were fit
by averaging. The third set of straight lines using those average values are those
shown on the Gummel plots in Figure 6 and 7. These resulting lines are all parallel to
the central straight segment of the measured curves. Offsets of several mV represent
residual fitting error.
It is instructive to note in these figures that the forward and reverse transfer curves
are nearly parallel where their domains overlap. Although they may appear close in
the logarithmic plot, the reverse transfer current (alternate dots and dashes) actually
lies 25% to 30% below the forward. (The apparent irregularity in the measured
reverse transfer current because IE is computed as IE IB, which for small VEE is a small
difference between relatively large amounts that causes a loss of precision.) This
departure from reciprocity, one of the characteristics of the HBT, is caused by
asymmetrical transport at the emitter junction.
One might expect the resulting parameters to be sufficient to determine the Ic versus
VCE plots at various IB of the model in the form of Figure 3. Unfortunately, the dc
model as determined from the extremely low base currents at the center of the
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Gummel plots does not match the dc curves measured at higher currents. In view of
the recognized limitations of the single-exponential representation of D" the
parameters P and n., were again altered to fit the dc characteristics at various
C CJ
temperatures. It is those altered values that appear in Table I below and are used in the
remaining model computations.
Table I. Extracted DC Parameters
ECP
n =n
cr ex
B =BIcr lex
P
xr
n
xr
Value
0.82238 V
360x10-12
1.1669+ 1.59544xl0-4 TIK
0.83616 V
53.05xl0-9
1.00
0.72686 V
0.1 x4.985x10-9
0.9x4.985x10-9
1.27
0.85231 V
40.60x10-9
1.04
The match shown by the dotted lines in Figures 8 and 9 is successful except for the
upturn at the right ends of the higher curves as a result of impact ionization, which the
present model does not include. (A method for including it is given in [5].) The
relatively weak. dependence of the constant-IB curves on temperature is typical of the
AlInAs/GaInAs HBT, in contrast with the more familiar AIGaAs/GaAs, in which the
constant-IB characteristics drop significantly with temperature. The effect of
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temperature on constant-IB characteristics varies so greatly from one combination of
materials to another because it is the small difference of larger values. Beginning with
the equation for constant IB:
0= dl = alB dV, +alB dT
B aVo BE arBE
alB
aTdVBE =- ---ar- dT
_B_
aVBE
dl = ale dV, +ale dT = ( ale (aVBE ) dV, +ale )dT
e av, BE aT av, ar BE aTBE BE IB
While the derivatives in the equation above are relatively large, the difference is
comparatively small and can be of either sign, depending on the diode parameters, in
particular, on the barriers Btc! and Brx!, which are material-dependent. In the present
case, ( alB) is near zero below about 100oe, above which it becomes slightly
aT I
B
negative.
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D. THERMAL RESISTANCE DERIVATION
Several of the rematmng elements carry an explicit dependence on device
temperature. To determine the device temperature from the equation T = Ta + PRe, it
is necessary to estimate Re. An example of the importance of the thermal resistance
may be seen in the criterion for stability of a multifinger device. When
( alB) ~ (VBE +hIeVCE )~1, the effective dc resistance seen at the base terminal of eachaT Ie
BF.
finger becomes negative. When that happens the base current tends to be concentrated
in one finger, causing the characteristics to collapse [7].
Two methods for determining Re are given in [8]. The first infers Re from the
measured change in hie as a function of temperature. That is useful in AIGaAs/GaAs,
where hie falls rapidly with temperature; but in this RBT, temperature has relatively
little effect on hie. Therefore, the second method of [8] must be used, by which Re is
inferred from the temperature dependence of the emitter junction voltage at constant
base current as a function of total power dissipated in the transistor. Figures 4 and 5
both plot VBE (measured at the Bias-T driving the coaxial port-I probe) versus
';"~"
\VBEIBI+IVcElc\. The observation that all the curves on both plots, after leaving the
saturated region, become parallel straight lines with a slope of -2.8 mV per mW is
consistent with attributing that decrease to the change in temperature with power
dissipated in the transistor. (If the curves did not remain consistently parallel, this
method could not have been used.) Comparison of Vbe between 24°C and 180°C
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shows a dependence of 0.946 mV/K. Dividing these two gIves an estimate
Re = 3°C/mW, which is used in the model.
E. EXTERNAL PARASITIC DERIVATION
Next the external parasitics L ,Lb ,Rb ,and R must be determined. This was donec 'x c
from S-parameter measurements at zero collector current. This "open collector"
method should not be confused with the dc "open collector" method which [9] points
C:;5
out is not dependable. That method depended upon extrapolating the simple
exponential representation of diode currents determinea aflow currents-irito saturate-d
operation. This method depends upon the fact the Z-parameters of the complete
circuit are
where Zi is the Z-parameters of the intrinsic portion of the model with Le, Lb" Le,
Rbx, Re, and Re removed. If Zill-Zm, Zi2b and Zm-Zi2l were negligible, then it would
be possible to determine the external parasitics from the equations
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In fact, ZjwZi12, Zi12' and Zm-Zi21 are not negligible, but at open collector with
significant IB they become largely resistive and inversely proportional to lB'
Therefore, these three equations will be valid if Zj is replaced by its extrapolated value
as Ir~oo.
Figures 10 and 11 contain the plots for this process. The three lines for IB = 3 and 6
rnA permit extrapolation to IB~oo in that the IB~oo curve will lie as far below the 6
rnA curve as the 3 rnA curve lies above it. The 4.5 rnA'curve lends support to this
process by its position 1/3 of the way from the 3 rnA curve to the 6 rnA. The
irregularities in the plots above 25 GHz may reflect the fact that the conversion from
50 n S-parameters to Z-parameters less than 5 n exaggerates the frequency limitations
ofthe instrument calibration. From these plots it is possible to derive the values:
Table II. Extracted External Parasitics
ECP Value
Lb 30pH
Rbx 3n
L 40 pH
c
R 1.5n
c
This method is particularly useful for inferring Le Lb" Rbx' and Rc' because the
forward-active S-parameters, particularly at low frequencies, depend only weakly on
those parasitics. The reason is that for the present device in forward-active bias, Zill
and Zi22 are comparatively large, so that the effect of a few parasitic ohms is not very
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large. The same is not true of Re and Le, which have a negative feedback effect and
can be inferred from forward-active measurements. Therefore, Re was determined
from forward-bias S-parameters in the next section instead of by this method. Le was
determined from this method to be ~ 10 pH, but when the optimizations of the next
section showed that zeroing it improved the fit it was dropped from the model.
F. INTERNAL PARASITIC DERIVATION
The next step after the external parasitics must include determining the ratio
---
------- --
between the capacitances of Dex and Den representing the division of the collector
junction capacitance from the capacitance under the base contacts. Because the
collector junction of the present device extends under the base contacts without
implantation damage to decrease its capacitance, there is a large distributed
capacitance. Some workers [10] have estimated this ratio from the physical ratio of
area based on the device layout. Others [11] have determined it by direct algebraic
methods. In this case, probably because the device is relatively small, that method-did
not lead to a well-defined value. Therefore, the entire internal parasitic derivation was
carried out by optimization to S-parameters measured at bias points.
The circuit of Figure 3 was linearized at each of the measured forward-active bias
points. Variables were determined one at a time, beginning with Rbi' The resistance of
Dcf was determined by differentiating the diode formula determined from dc data. As
the other diodes carry no current in the forward-active bias, those diodes were
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represented as unknown capacitances. The resulting linear circuit was optimized
independently at each bias point with LIBRA 3.5 [12] to fit the corresponding set of
measured S-parameters. The optimizations were carried out only over the range of 0-
10 GHz because the time constants in the model fall in that region. After that had
been done, the variable under investigation was averaged across all the bias points to
determine a reinitialization, and the optimization process restarted. This was carried
out until the optimizations were consistent. Then the parameters in the bias
dependence for that variable were determined from the fit. The optimization was then
restarted with this variable fixed to determine the next variables. By this process the
variables were determined one by one.
In the beginning optimizations, the magnitude of Rbi and the ratio between Cdex and
Cdcr were among the free variables. These variables are very difficult to determine by
optimization because their effect on the S parameters is very nonlinear. Of the
optimizations carried out at 22 bias points at each temperature, initially many failed to
converge to acceptable matches. The values Rbi and CdclCdex from the successful
optimizations were averaged and all the optimizations restarted at that point. (This
procedure was necessitated by the fact that LIBRA optimization does not support
simultaneous optimizations.) Eventually Rbi converged by this process to 70 n and
CdclCdex to about 0.08, both reasonable values.
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Once these had been determined, the remaining steps of successive optimization
proceeded rather consistently. The Vj and Co determinations were made by roughly
fitting each capacitance determined at all the bias point to functions of junction bias.
After all parameters had been determined in this way, the first variables, Rbx, Le, and
the ratio of the intrinsic to extrinsic collector junction, were reintroduced as a check on
the original determinations. The optimization returned to the same values for these
variables, supporting the original determination.
The estimates of ClD
e
) and ClD
c
) both compare reasonably with the junction
capacitance of0.17fF/llm2 estimated in section 3.A above: taking lOllm2 for the active
region would give a physical prediction of 1.7fF, which is what Cdcr =---;==C=oc:=r==
1_ _V(-=---Dc,,--,-r)
Vj(Dcr )
gives with V(DcJ = -1.5 V The estimate of CO(DexJ is consistent with a total collector
area of 120 Ilm2, which is in agreement with the geometry of the device.
't[ was determined from the equivalent expression for It[ asa current-dependent
capacitance in parallel with Dc[ofthe magnitude 't!gm'
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Table III. Extracted Internal Parasitics
ECP
R
e
Rbi
Jj(De)
CiDe)
Jj(Dc)
CiDc)
Jj(Dc)
CiDc)
'tf
Value
2.60
700
0.7V
32 fF
0.7V
3fF
0.5V
20 fF
1.30 pS
This series of optimizations has fit the model to forward-active biases. One
variable, "Cp remained to fit the behavior at and below the knee. A series of
optimizations was carried out to determine the diffusion component of C(DcrJ at and
below the knee. This was done by using SPICE to determine the dc currents in the
model, linearizing the model about that operating point, and optimizing C(Dcr) with
LIBRA at each bias point. The linear component in current would have been "Cr'
Unfortunately, the optimizations at saturated bias did not match the S-parameters well.
In addition, the resulting capacitance did not show a simple dependence on Ix" but
appeared to be nonlinear in both Ix and VCE' Even if a complicated nonlinear function
were fit to the extracted small-signal capacitances, the fit to the S-parameters would
have been no better than the optimizations.
The value 4 ns was taken as an average of values near the knee to optimize the fit
in mild saturation. However, it is clear that such basic modeling assumptions as that
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the base resistance across the now forward-biased collector junction can be treated
with so few lumped elements begin to break down. The large value, three orders of
magnitude over the forward time constant, reflects the difficulty that electrons entering
from the collector have in diffusing to the relatively small emitter area and then
surmounting the valence band discontinuity. The result is that the quality of the
prediction of S-parameters falls rapidly below the knee.
G. COMPARISONTORFDATA
The large-signal model with parasitics was expressed in SPICE so that its RF
predictions could be computed at all measured bias points. The S-parameters were
computed from SPICE results and plotted against the measured S-parameters at selected
bias point and temperatures with a computer program. Plots of the form of Figure 12
were used to verify the accuracy of the model. In that figure, the real and imaginary
parts of each of the four S-parameters are shown as a function of temperature. Figure
13 shows the same data in Smith-chart form. From Figure 12, it is possible to verify
that the frequency tracking is acceptably close.
Figures 12c, 12d, and 13b show the same data at a bias point at the knee. Notice
that the match has begun to deteriorate. In the Smith charts the deviation looks
smaller than it is; one has to look at the plots against frequency to see how the model
understates the frequency response. Figures 12e, 12f, and 13c are examples of the
quality of the match deeply into saturation at an elevated temperature. In this case,
25
although it is clear even from the Smith chart that the match is only qualitative, the
fact that the model predicts roughly the correct amount of degradation should suffice if
the purpose of the model is to validate designs whose criteria include preventing the
transistor from operating at such biases.
26
4. CONCLUSIONS
A lumped-element SPICE model has been developed for AlInAs/GaInAs HBT's to
predict both dc and RF performance across the temperature range from 25 0 to 1800 C.
The model is simple and consistent with the physics of the device. It predicts dc
characteristics well across the entire bias range. However, accurate prediction of RF
performance is limited to outside the saturated regions.
27
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